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Description 


• A tife-threatening medical emergency in diabetics 
secondary to insulin deficiency and characterized 
by hyperglycemia, ketosis, metabolic acidosis, 
electrolyte disturbances, and marked dehydration 

• Systemis) affected: endocrine/metabolic 




Etiology and Pathophysiology 


A deficiency of insulin, exacerbated by an increase 
in counterregulatory hormones (e.g., 
catecholamines, cortisol, glucagon, and growth 
hormone) leading to a hyperglycemic crisis, osmotic 
diuresis, ketosis with metabolic acidosis, and 
frequently accompanied by electrolyte disturbances 


Noncompliance/ insufficient insulin: 25% 

Infection: 30-40% 

First presentation of DM: 10-25% 

Myocardial infarction (Ml): 5-7% 

No cause identified: 10-30% 

Medications (corticosteroids, sympathomimetics, 
atypical antipsychotics) 

Illicit drugs (cocaine) 

Trauma 


Surgery 

Emotional stress 
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Pregnancy 

Cerebrovascular accident (CVA) 




Risk Factors 


• Type 1 >type 2 DM 

• Younger patients at higher risk 

General Prevention 

• Close monitoring of glucose during periods of 
stress, infection, illness, and trauma 

• Careful insulin control and regular monitoring of 
blood glucose levels 

• “Sick day” management instructions 

Commonly Associated Conditions 

Complications of chronic (and poorly controlled) DM 
such as nephropathy, neuropathy, and retinopathy 




Diagnosis 


History 


Recent illness, injury, or surgery 
Changes in diet or medications 
Missed insulin doses/ noncompliance 
Insulin pump failure 

Weight loss in patients recently diagnosed with 
type 1 DM 

Polyuria, nocturia, polydipsia 
Hyperphagia 
Generalized weakness 
Malaise, fatigue, lethargy 
Anorexia or increased appetite 
Nausea, vomiting 
Abdominal pain 
Decreased perspiration 
Fever 
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Physical Exam 


Hypotension 
Tachycardia 
Fever or hypothermia 

Tachypnea, hyperpnea, Kussmaul respirations 
Fruity odor of ketotic breath (acetone smell) 
Decreased reflexes 

Abdominal tenderness, decreased bowel sounds 

Dry mucous membranes, poor skin turgor, 
dehydration 

Altered mental status 


Coma 
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Differential Diagnosis 


• Hyperosmolar hyperglycemic crisis 

• Alcoholic ketoacidosis 

• Starvation ketosis 

• Toxic ingestions (e.g., salicylates, methanol) 

• Lactic acidosis 

• Uremia/chronic renal failure 

• Sepsis 

• Acute pancreatitis 





Diagnostic Tests & Interpretation 

Initial Tests (lab, imaging) 

ALERT 

• Diagnostic criteria (1)[CJ: 

o Hyperglycemia (glucose usually 250 to 800 
mg/dL) as rapidly assessed on fingerstick 
glucose testing, and confirmed on serum 
chemistry 

o Low HC0 3 (usually si 8 mEq/L) 

o Metabolic acidosis on arterial blood gases 
(ABGs) (pH <7.3) 

o Anion gap = serum sodium - (serum 
chloride + bicarbonate); >10 mmol 

• Other important labs: 

o Serum ketosis: Check /3-hydroxybutyrate (/?- 
HB) instead of ketones to evaluate ketosis 
(2)[B]. ( 3 -HB is the predominant ketone 
produced and is preferred over serum 
ketones. /3-HB >3 mg/dL is abnormal and 
should be decreased to <1.5 mg/dL within 
12 to 24 hours (3)[B]. 

o Urine ketosis (urinalysis [UA]) may only 
identify acetoacetate and not /3-HB. 

o Increased creatinine and BUN: Markedly 
increased serum ketones may cross-react 
and cause a falsely high serum creatinine. 

o Pseudohyponatremia: Hyperglycemia or 
hypertriglyceridemia may cause an artificially 
low sodium concentration. The measured 
sodium is suppressed by 1.6 mg/dL for every 
100 mg/dL of glucose >100 mg/dL. 


o Decreased calculated total body K + : Severe 

acidosis gives an artificially high K + level. 

o Increased serum osmolality (mOsm/kg) = [2 
x serum Na (mEq/L) + glucose (mg/dL)/18 + 
BUN (mg/dL)/2.8]; if calculated osmolality 
<320 mOsm/kg, consider etiologies other 
than diabetic ketoacidosis (DKA). 

o Elevated base deficit 

o Hb Ale (glycosylated hemoglobinj helps 
assess long-term history of diabetic control. 

o Glycosuria 

o Hyperamylasemia, hyperlipasemia 
o Hypertriglyceridemia/hypercholesterolemia 

CBC, electrolytes, BUN, creatinine 

Serum /THB or ketones 

ABG; venous blood gases (VBGs) may also be 
used (VBG pH correlates with 0.03 lower than 
ABG pH). 

Urine and blood cultures if concern for infection 
Troponin if concern for cardiac ischemia 

Other Tests 
o ECG 

■ Frequently shows sinus tachycardia 
(nonspecific) 

■ Changes consistent with electrolyte 
abnormalities 

■ Ischemia/Ml as a precipitating factor 

o Chest x-ray to rule out possible infectious 
etiology 

o Consider lumbar puncture if concern for 


o Consider lumbar puncture if concern for 
meningitis. 

o Head CT scan if suspected CVA or cerebral 
edema 


Diagnostic Procedures/Other 

Only if surgical disease is the underlying precipitant 
(e.g., appendicitis, cholecystitis) 


Treatment 


• Oxygen and airway management, as needed 

• Establish IV access. 

• Cardiac monitoring 

• Start isotonic crystalloid solution (e.g., 0.9% saline, 
or lactated ringers bolus). 



General Measures 


• All, but mild cases require inpatient 
management. 

• Severe DKA requires an ICU setting. 

• Goals 

o Fluid resuscitation 

o Insulin therapy to normalize serum glucose 
o Resolution of anion gap acidosis and ketosis 
o Correction of electrolytes 

• Identify and treat the precipitating cause (e.g., 
insulin noncompliance, infection, Ml) 

• Laboratory testing during management: 
o Serum glucose q1-2h until stable 

o Electrolytes, phosphorus, and venous pH q2- 
6h 


Medication 

First Line 

• Insulin (t)[C] 

o Optional initial bolus 0.1 U/kg IV and then 
continuous infusion at 0.1 U/kg/hr (do not use 
initial insulin bolus in children) 

o if without bolus, 0.14 U/kg/hr continuous 
infusion 

o Aim for rate of serum glucose decline of 100 
mg/dL/hr 

o When glucose 200 mg/dL, reduce infusion to 
0.02 to 0.05 U/kg/hr IV or give rapid-acting 
insulin at 0.1 U/kg SC q2h; goal glucose is 
150 to 200 mg/dL. 

o Overlap and continue IV insulin infusion for 1 
to 2 hours after SC insulin is initiated. 

• IV fluids to correct dehydration: Start with 0.9% 

NaCI bolus, calculate corrected sodium; if serum 

Na + is high, consider 0.45% NaCI to replace free 

fluid loss or when adding potassium 

replacement. 

o When glucose is 200 mg/dL, change to 5% 
dextrose with 0.45% NaCI at 150 to 250 
mL/hr. 


Potassium: falsely elevated due to acidosis; 

when K + s5.2 mg/dL and if urine output is 
adequate, start replacement with 20 to 30 mEq/L 

of K + in 1 LIV fluids (1). 

o Hold insulin if K + ^3.3 mg/dL; give IV 
potassium 20 to 30 mEq/hr with fluids until 
>3.3 mg/dL to prevent cardiac arrhythmia 
(class III), 

o For each 0.1 unit of pH, serum K + will change 
by -0.6 mEq in opposite direction. 

Phosphorus: Routine replacement may lead to 
hypocalcemia; if very low (<1.0), give 20 to 30 
mEq/L of K-Phos in fluids. 

Sodium bicarbonate: no demonstrable benefit 
with a pH >7.0 (2)[B]; rehydration usually leads to 
resolution of acidosis although some guidelines 
recommend its use with pH <6.9 or in patients 
with life-threatening hyperkalemia; however, 
there is evidence that it may increase cerebral 
edema, especially in children (3)[A]. 

Magnesium: If Mg <1.8 mg/dL and the patient is 
symptomatic, consider replacement. 


• Precautions 

o If the patient is on an insulin pump, it should 
be stopped. 

o If glucose does not fall by 10% in first hour, 
give regular insulin 0.14 U/kg IV bolus and 
then continuous infusion at previous rate. 

o If using bicarbonate, add 100 mmol or 2 
ampules of sodium bicarbonate to 400 mL 
isotonic solution with 20 mEq KCL>200 
mL/hr for 2 hours until venous pH is >7.0 and 
then stop infusion (1). 


Second Line 

Insulin, SC or IM: Load with 0.3 U/kg SC, followed 
by 0.1 U/kg/hr; space dosing to q2h once glucose 
<250 mg/dL; in uncomplicated DKA, may be safe 
and cost effective (4)[B] 

Pediatric Considerations 

• Children with moderate to severe DKA should 
be transferred to the nearest pediatric critical 
care hospital. 

• Cerebral edema is a rare complication (~1%) 
but has a mortality of 20-50%: 

o Diagnostic criteria exist for diagnosis; CT 
may rule out alternative diagnoses. 

o Treat with IV bolus of mannitol 1 g/kg in 20% 
solution, reduce IV fluid rate, and consider 
hypertonic 3% saline (5). 


Geriatric Considerations 

Must be careful with impaired renal function or 
congestive heart failure when correcting fluid and 
electrolyte abnormalities 


Pregnancy Considerations 

• Pregnancy itself is diabetogenic and also results 
in a compensated respiratory alkalosis (HC0 3 

19 to 20 mEq/L) with theoretically reduced 
buffering capacity. 

• Pregnant women are more susceptible to DKA. 

• Euglycemic DKA 

• Increased risk of preeclampsia and fetal death 

• j3-Tocolytics and corticosteroids can trigger DKA 

• Perinatal death: 9-35% 



Inpatient Considerations 

• ADA admission guidelines: blood glucose >250 

mg/dL; pH <7.3; HCO s <15 mEq/L; ketones in 

urine; ICU setting for severe DKA (6) 

• IV fluids 

o 1.0 to 1.5 L over the first hour, then, if serum 
corrected Na is high or normal, give 0.45% 
NaCI at 250 to 500 mL/hr depending on 
hydration state. 

o Switch to 5% dextrose in 0.45% saline at 
maintenance rate when serum glucose <200 
mg/dL; maintain blood glucose between 150 
and 250 mg/dL. 

o Overly rapid correction of fluid balance may 
precipitate cerebral edema (2)[C ]; if the blood 
glucose level is falling too rapidly, consider 
using a 10% dextrose solution instead. 
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Pediatric Considerations 

Bolus 10 to 20 mL/kg initially; 4-hour fluid total 
should be <50 mL/kg to reduce chance of cerebral 
edema. 

• Discharge criteria 

o Discharge when DKA has resolved: anion 
gap <12, glucose <200 mg/dL; pH >7.3; 
bicarbonate >18 mEq/L; additionally, 
patients must be tolerating PO intake and 
able to resume home medication regimen 

o Underlying precipitant (e.g., infection) must 
be identified and treated. 


Ongoing Care 


Follow-up Recommendations 

Patient Monitoring 

* Monitor mental status, vital signs, and urine 
output q30-60min until improved, then q2-4h. 

* Monitor blood sugar qlh until <200 mg/dL, then 
q2-6h. 

* Monitor electrolytes, BUN, venous pH, and 
creatinine q2-4h. 


Diet 


• NPO initially 

• Advance to preketotic diet when nausea and 
vomiting are controlled. 

• Avoid foods with high glycemic index {e.g., soft 
drinks, fruit juice, white bread, added sugar, etc.). 

Prognosis 

• DKA accounts for 16% of all diabetes-related 
fatalities 

• Overall DKA mortality of 0.5-2% 

• In children <10 years of age, DKA causes 70% of 
diabetes-related fatalities. 



Complications 

• Cerebral edema (most common cause of death 
in children with DKA) 

• Pulmonary edema 

• Vascular thrombosis 

• Hypokalemia 

• Hypophosphatemia 

• Cardiac dysrhythmia (secondary to hypokalemia 
or acidosis) 

• Ml, myocardial injury 

• Acute gastric dilatation 

• Late hypoglycemia (secondary to treatment) 

• Erosive gastritis 

• Infection, mucormycosis 

• Respiratory distress 
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